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This Invention pertains to a high yield process fc r producing high quality com 
fiber gum by hydrogen peroxide treatment of com fiber during allfellne extraction 
and/or after obtaining the alkaline extract of ml led com fiber. This process 
comprises the steps: a) mixing com fiber with an al<aline solution&to form a slurry 
and extract hemicellulose; b) treating the slurry with hydrogen peroxide at a pH of 
about 10.0 to 12.5; and c) separating out the insoluble fractions from the corn 
fiber sluny to yield com fiber gum. The com fiber gum produced toy this process 
is highly soluble in water ana provides low viscosity solutions which are> nearly 
devoid of color over a wide pH range. The com fiber gum lack© objectionable 
flavor and aroma. The com fiber gum is useful I for a variety tif applications; 
including film formation and to thicken, emulsify, stabilize and/or extend aqueous 
solutions and suspensions. 
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(57) Abstract 



This invention pertains to a high yield pnocew for producing Ugh quality cw 
fiber duriag alkaline enaction and/of alter obtaining the aflniihm exoact of milled 1 
00m fiber with an alkaline rotation to farm a atuny and extract h e mtainntna e; b) 
about 10,0 to 12_5; and o) separating out the insoluble fractions from the com ftber 
produced by thU procesi to highly soluble in water and provides low viacoBfcy 
range. The com fiber gom lacfc* objscdonablo flavor and aroma. The com fiber gum 
formation and to thicken, emulsify, stabilize aftdfar extend aqueous Krfution* and 



fiber gom by hydrogen peroxide tJentraent of com 
fiber. ThU procesa onrapriaes thelsmp* a) rabctag 
Ing the shiny with hydrogen penbud© at alpH of 
ihmy tn yield earn fiber gum. The com fiber gum 
1 which are nearly devoid of colon over a wide pH 
useful fbr a variety nf application*, tociudins film 
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ISOLATION OF HEMICELLULOSE FROff I CORN I 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Com fiber is an abundant low-valued by-prohuct of com wet- afld dry- 

5 mHIIng Industries, and for many years there h^e been an Interest in 
developing more valuable products from It The conf fiber gum (hemlcellufose 
B) fraction Is the most unique of the caibohydrata o >mpononts of fibe#tend ra 
potentially very uaeful. For com fiber gum to attract significant commercial 
Interest, however. It should be colorless and lack the flavors and aromas 
10 normally associated with corn. This invention pertains to a process (tor the 
preparation of corn fiber gum which optimizes a yle d of a white, hlghlquality 
product 

2. Description of Rotated Art 

For many years there has been an intent In developing more 
is valuable products from com fiber. Heroteellutose Id the mqjor component of 
com fiber (38-67%). followed by starch (10-30%), protein (15%), cellulose 
(15%), oil (about 3.7%) and other substance* suci as llgnin and as* (3%), 
(Oabom and Chen, (1084) 3tarch/Staerke > vol. 36, pp. 393406; Carton, T, 
(1994) in: Pros. Com Utilteatfon CMrfMerae^y. St I Louis, MO). TTwactual 
20 yields of com fiber gum from com fiber and ban, even on a dry and March- 
free baste, are quite variable and largely a (unction of the condWons used tor 
Its isolation. 

Earty com fiber gurn was prepared (Wtf, ot at (1953) I Cereal 
Cherrristrv. vot 30, pp. 461-470) by boiling com float for one hour at pM 10.5- 
25 11.6 followed by hot water extraction. Later efforts l a Bghten the ootor*tf com 
fiber gum resulted In extractions using sodium <fr cetehjm hydmade, or 

-l- 
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combinations of the two, at various temperatures Extracts using fraJctum 
hydroxide were the lightest In color and were further lightened by treatment 
with activated carton. Yields In such cases w»re about 27%, smd the 
harnicellulose A and B fractions were not separa ted. In addition, -several 
5 processes for producing the arablnoxyfan (hemlcelulose B) Itactlon oof fiber 
have been described in the patent literature, osjng various condlftons of 
alkaline extraction (Wolf, supra; Rutenberg ancj Herbst U.S. Phi No. 
2,801,955, 1957; Watson and WMams, U,S. Pi t No. 2,668,778t 1959; 
SchweJger, U.S. Pat No. 3,716,626. 1973; Antrim and Harris, U.S. Rat No. 
10 4,038,481,1977). 

Later, Gould (US, Pat No. 4,808,475, 198ft) described a process tor 
producing cellulosic products by treating nonwoody RgnocelluJosJc agrteuftural 
byproducts with an aqueous solution of strong alkai and hydrogen petoxkte. 
The Ugnln portion was thus sotublKzed, thereby enatfngthe separation of the 
15 norv-solubte cellulosic portion from the soluble Ilgfrn portion. Chou et at 
(U.S. Pat MO- 4,957,599. 1990) alao described a | 
bleaching HgnocalMosic material. The material Was first treated with en 
alfcafne solution free of peroxide, then an aJkatinn peroxide sokitb*. Vail 
(U.S. Pat No. 5,057,334, 1991) described the pnapartfon of a oaButoee 
20 product by treating legume hulls wffli caustic slcaine oxidizing spent to 
fidub&za the non-cellulose materia], then dlspen Ing the raauRIng *nj[p tn 
water to form a slurry, lowering the pH of the akirr r, then treating the slurry 
with aqueous hydrogen peroxide, tn these efforts, j eroxkJe served toaaxWtee 
Ugnln to low molecular wefght organic acids, therjrty allowing oeHUose to 
25 become accessible to the activity of osRutase. 



The objectives ot these 

methods were to convert renewable llgTtoceBubsic|biomass to a forrrs useful 

■2- 
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tor glucose and ethanol production and for use qj an energy sou tee In 
ruminant feeds. To this end, success was achieved h minimizing loss of the 
hem! cellulose fraction during alkaline peroxide extraction of plant source*. 

Hemicebutoses are generally defined as poJyrnera that are soluttfNzed 

5 from plant cell walls by alkali (Darvfll et al. 1960. ^ages 91-140, inr Jfe 

i 

Btochemtetrv of Plants . P.JC Sojmpf and E.E Connj eds. Academic Press, 
New York), and those from com fiber are typtealy conSposed of D-xylos* (48- 
64%). L-arabtaose (33-39%), galactose (5-11%), anjf D-glucuronlc ac*d (3- 
8%) (Whistler and BeMUter (1956) J> Am. Chem. Soc jvol. 78 v pp. 1 163-tf 165; 
10 Suaawara. et ai (1994) Starch/Staerko . vol. 48, pp. 136-337; Saulnier, :et bI. 
(1995a) CgrftPhVdr, Pgfrm. vol. 28, pp- 278-287; $aulnier. et aJ. (1996b) 
tarbohvdr. Res , vol 272 P pp. 241-263). Most of tile fraction la sohiMe in 
water after alkaline extraction. Their isolation Is actually a two-stage process, 
involving aikaline hydrolysis of ester linkages to (berate them froir the 
15 llgnoodlulosic matrix, followed by extraction Into aqueous media. It I a* thus 
that com fiber gum is cross-linked to Other (fell wall components for 
ssons. Both ferullc acid and p-ooumario atid are eeterifled tn cell 
polysaccharides In various grasses (Muetie ^Harvey et el. *98B. 
Carbohvdr. Res, vol. 148, pp. 71^85). ParttaJ add KYoahlde, at *J. (B09O) 
20 Aorta Blot Chem vol. 54, pp. 1319-1321) and enzyn latic (Ohla at si (1994) 
J. Aorta Food Chem. vol. 42, pp. 683-868) hydrolysis of com fiber gum vtelds 
oligosaccharide fragments in which arabtaosyi units nre estarffied at primary 
hydraxyl groups with ferullc add. Some were estelflod wfth dtferulkJacM 
(SauJnJer, et si. supra) and acetyl eaters were (also identified oi> the 
25 araWnoxylan (Saulnler, et aL (1995a), supra). In add-on, there Is evidence to 
suggest that es tariffed ferullc and p-coumartc adds serve to couple Bgnta and 

-3- 
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polysaccharide (Helm and Ralph (1983 ) Carbohvdr 



2§S VOL 240. pp.23-38) 



and that palyphenofcs (including Ifenin) can form alkkfi-resistant linkages with 
the hemfcellulose fraction of the matrix porysacchark as (Monison, LM. '1974) 
BjgsbflaU. vol. 139, pp. 197-204; Flncher and Stone. (1986) pp. 207^95 In: 
Adv, Cereal Sci. Techno] . VIII. Am. Assoc. Cereaj|chem.: St Peu|,WlMN). 
Ether flnkages are present in lignin, and them ia evidence that ether Mileages 



(Watanabe et aL ?1989) 
R.D. (1991) Paget 286* 



are also involved In linking lignin to hemicdhJloses 
Aortfc. BfiL Cha«h. vol. 63. pp. 2233-2252: HatfleW, 
313 In: Foraoe Cell Wan Structure and Dtaestifailrtv Jung at aJ., edsi ASA- 
CSSA-SSSA: Madison, Wl). Aa a resuft, moat prev ous preparations of com 
liber gum samples probably contained remnants of Ignin, contributing^ off- 
colored products. Protein was ateo possibly prewm since stable tiekages 
between hemteoDutose and protein in corn bran (Saulnier, eft al. (lSB5a) t 
supra) end rye bran (Ebringefwa, et al. (1994) £grj ahvdr.Ras » vol 214, pp. 
97-109) have been identified. 

Various optimization studies have been conducted to obtain luseful 
high quality com fiber gum in high yields. In preBr rinary experiment*, com 
fiber gum was Isolated by standard extraction methods ushg saturated 
Ca(OH)a as extractor* at 70*0 for sixteen hours kRutenberg and Merbst, 
eupm) or under reflux conditions for one hour (Wats m and WlUams. &pra). 
The 70°C extractions produced tannWi products. Y aids ranged from 80.2 to 
35. 1% for extractions at 70 # C and under reflux condtl Ions, respectively. 

At alkaline pHs, solutions of com fiber gum Isolated by the traJWonal 
approaches turned Intensely yellow, and the color <ould not be removed by 
dialysis. This was likely due to the presence of NgnJr s or proteins which were 
retained even during extraction at elevated tempera* res. 
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Ugnln fragments not removed from com fi oer gum with alkaO were 
believed to contaminate corn fiber gum preparations, resulting r\n the 
undesirable color. A method was developed fck damnifying agricultural 
residues (Gould. J.M. (1984) Blotachnot. Btoerw i vol 26, pp. 46152) to 
5 maximize their digestibility by ruminant animals. |h» method Incorporated 
hydrogen peroxide In the extraction medium, whtert is capable or converting 
the Ugnln portion into soluble, low molecular woigfit organic acids. M was 
shown (Gould, J.M. 1985b. Bbtechnol. Btoenfl. vol 27, pp. 225*231) that 
dettgnfficatlon b most effective at about pH 1 1.5, th b pK. for the dissociation 
10 of hydrogen peroxide, and that the concentration of the species astive In 
dellgniffeaUon, OH and ^O* are optimal at pH 11.6. 

Surprisingly, it has now been discovered that high quality com fiber 

i 

gum may be efficiently produced by hydrogen penoikte treatment of unmHIed 
com fiber during alkaline extraction and/or by hydjogen peroxide treatment 
15 alter obtaining the alkaline extract of milled com fibe |l 

SUMMARY OF THi INVENTION 
This Invention pertains to a high ytetd pn cess for producing high 
quality com fiber gum by hydrogen peroxide treat] nent of com fibertduring 
atollne extraction and/or after obtaining the alkali » extract of milled corn 
20 fiber. This process comprises the steps; 

a) mbdng com fiber with an alkaline so utfcm to form a tJutry and 
extract hsroJoefutoae; 

b) treating the slurry with hydrogen p iroodde at a pH dii about 
10.0 to 12.5; and 

25 c) separating out the insoluble fractions from the corh 

slurry to yield com fiber gum. 

-5- 
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The com fiber gum produced by this prcx ess is highly soMble in 
water and provides tow viscosity solutions which aje nearly devoid o* color 
over a wide pH range. The com fiber gum lacks (objectionable flavor and 
aroma. The com fiber gum Is useful for a variety or a^pflcations, Including fflrn 
formation and to thicken, emulsify, stabilize and/or aSctend aqueous solutions 
end suspensions. 

In accordance with this discovery, it Is en <[bject of the Invention to 
provide e process of preparing corn fiber gum an alkaline hyetugen 

Another object of the present invention Is to provide a novel com fiber 
gum product prepared by an alkaline hydrogen percojde extraction process. 

These and other objects of the presenj Invention will become 
apparent to one skilled in the art from the fofotingj detailed description and 
examples below. 

' BRIEF DESCRIPTION OF ihE DRAWINGS 
Fig. 1 shows one embodiment of the present aDoftne hydrogen 
peroxide process of extracting com starch. 

Fig. 2A shows the effect of temperature on beHgnfffcatton of Meshed 
com fiber at 25 9 C (•) and at 60°C (o), with an to tear ratio of 0. t8.; 2B 
shows the effect of H^O, to fiber ratios of 0.0^5 (e) end 0\26 ro) on 
damnification of washed com fiber at 60°C, Cond|uons: pH 11.5. HcMW-to- 
■ ratio, 15:1 (V/W). 
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Fig. 3 showa the viscosity with temperature of cam fibe* gum 
solutions (5 and 10% (wtfort) solids) at pH 5.5: wate r at 5% (•), water at 10% 
(o) ( lOOmM NaCI at 5% 100mM NaCI at 10% \«). 100mM CaCIJ-at 5% 
<M. and 100mM CaCI, at 10% Q. 



9CT/US98AY5SS1 



DETAILEO DESCRIPTION pF THE INVENTllJIN 

This invention pertains to a high yield pnjcesa for producing high 

i 

quality com fiber gum by hydrogen peroxide treatment of com flbemduring 
alkaline extraction and/or after obtaining the alcalde extract of milted com 
10 fiber. This process comprises the steps: 

a) , mixing com fiber with an alkaline so ution to forni a slurry and 
extract hemlcettulose; 

b) treating the slum/ with hydrogen p^roxWe at a pH o* about 
10.0 to 12,5; and 

15 c) separating out the insoluble fracture from the com fiber 

slurry to yield com fiber gum. 

Any base com fiber may be used In the pre tent application, Intruding 
both those present in native com and those pres ant in com produced by 
standard breeding techniques inducing uws breeding, trans locsjtiort, 

20 inversion, transformation or any other method cf gena or chromosome 
engineering to include variations thereof. In addftia i, com fiber presort torn 
com grown from artificial mutations and variations of the above grenorte 
composition which may be produced by known standard methods of mutation 
breeding are also suitable herein. 

25 Native com is intended to mean tho&B varieties found in nature, 

including dent, waxy, or high amylase com. As used herein, the term Is 

-7» 
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Intended tQ Include a starch or flour containing at least about 95% by wag hit 
amytopeclJn and the term "high amy lose' i$ intended to include a starch or tour 
containing at least about 45% by weight amyiose. 

The com fiber may be obtained during a wet-r nlOkng or a dry-mining 
5 process. The com fiber may be dried and stored prior to use in the present 
extraction process, If desired. 

Either ground or unground com fiber samples [nay be utilized in the 
extraction process. The com fiber is fragmented pining the hydnoeen 
peroxide treatment and the residues during and afi^r treatment of fctoth 
10 ground and unground fiber appear substantially the same. Apparently 
sufficient surfeoe area is provided during the early stages of hydrogen 
peroxide treatment to provide for efficient com fiber gum extraction. Howeter, 
when no alkaline hydrogen peroxide step Is earned out ixlorto separation jian 
Increase In yield typically occurs when using ground fltx r of at least abouWO 
1 5 mesh rather than unground fiber 

There Is no need to wash the com fiber with e frier water or organic 
solvents prior to alkaline peroxide extraction though til ay may be wash*! 
Unwashed, unground com liber samples give compare 4e yields at a variety 
of extraction temperatures at pH 11.5 to washed com fib >r. 
20 The com fiber Is opttonaly deaovehed, partictfarty by Aquefecaton 

wtth a-emyiase untfl at least part, particularly subetsnt ally all, the starch Is 
soluble. This may be carried out prior to alkaline extrac ion, or at any pointi In 
the process. Including after the final com fiber gut* product has bean 
obtained. Destarehlng prior to any filtration Is generally preferred *as 
25 otherwise the starch may dog the filtration equipment, p irticu terry If the state* 
has been gelatinized. 
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If das torched prior to the alKaHne hydroget peroxide treatment, the 
com fiber may be separated from the supernatant *and rinsed with water to 
remove the soluble sugar* and low molecular weight polysaccHarides 
produced by the starch hydrolysis. This results in v com fiber gum which Is 
more pure than that produced without removal of thejstarcfi hydrofysatds. 

Destarchtng may be done using any a-^mylase end techniques 
known in the ait Other methods of destarchlng kjiown In the art are also 
suitable, including separation of the starch frojn the fiber, le. by a 
hydnocyctone, or by use of other enzyme(s) or combinations thereof. 



Any commercially available ct-amylase is 
Invention. The amount of enzyme is dependent upor 



suitable for the present 
the enzyme, le., source 



and activity, and base material used as well as b>e amount of hydtolyete 



desired. Typically, the enzyme is used In an amourr 



out In an aqueous or 
to about 40%. AhsoHds 



parbcisarty from about 0 to 8%, more particularly frorf) about 0.5 to 4% NrtNvt) 
of the com fiber. For example, about 4.0% a-amytase (Termamyl 
commercially available from Novo Nontisk BioinduBtr^lo, Inc.) has beem found 
oe eiieuuve in me present nvanuon. 

Generally the enzyme treatment is cantec 
buffered slurry at a com fiber solids level of about 5 
level of from about 5 to 30% Is particularly useful, fropi about 10 to 23Wmore 
particularly useful, in the Instant invention, 

The pH and temperature of the slurry shoufo be adjusted to provide 
effective enzyme hydrolysis. These parameters ere dependent upon the 
enzyme to be used and are known In the art In groerai, a tamperertim of 
above about 75°C Is suitable and the pH Is adjusted t> about 3.5 to abom 8.5, 
parOcutany from about 4 5 to about 7.5, using techntef|jes known In the art 

-9- 
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The enzyme reaction Is continued until th > desired end pohtt (I.e., 
sufficient degradation tor the particular application) has been reached. The 
end point may be determined by a change in vtec oslty, by reducing sugar 
content or by any other method known In the art f jt measuring the level of 
5 enzyme degradation of the stanch molecule. In gen wal, the enzyme reaction 
will take from about 0.1 to about 24 hours, particul arty about 0.5 to about 4 
hours. The time of the reaction Is dependent upon t ie corn fiber and enzyme 
used, tha amount of enzyme used, and the read An parameters oft i solids 
percent pH, and temperature. 

10 The enzyme degradation may be terminated by any method known In 

the art, particularly ado 1 deactivation or heat deactivation. However, 
termination or the degradation to not necessary. 

Although destarchlng does not increase th)e yield or quaWy&of the 
resulting corn fiber gum preparation, for uses wttere solution clarity and 

IS sfcabHhy are required, fiber with a low starch con Ant may be particularly 
suitable. When the starch content of the com fiber Is high, some residual 
starch may be found in the com fiber gum extracts, 
the separation technique^) used, the presence of starch in the com fiber may 
impede separation of the solids from the com fiber gt im. 

20 The com fiber, whether or not destarched, h delignffled by treatment 

with an aftaRne hydrogen peroxide solution to extra £ hemteelluJose fnwm the 
fiber matrix. Further, treatment with an alkaline hy irogen peroxide solution 
may degrade colored impurities, resulting In a lighter colored com fiber (num. 
If the com fiber to In the dry form. It b\ first slurried In water, 

25 parflcularjy from about 10 to 20% solids. Sufficient 
allow substantially uniform exposure to the 

-10- 
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the addition of excess water may bo detrimental to 
fiber gum solution would need to be separated from 



ptrr/cttrt/otesi 



efficiency bb more com 
toe solids, and if *dned 



com 



fiber gum product was desired, more waisr would need ho be 



The slurry Is then basffied by adding sod tufa hydroxide, potassium 
hydroxide, caWum hydroxide, end/or magnesium rydroxkte in an amount 
necessary to bring the pH of the slurry to the range of from about 1 0.0 tdf 1 2,5. 
To obtain greater yields, a pH of from about 11.;: to 11.8 rs particularly 
suitable, more particularly from about 11.4 to 11.6, rrjost particularly at (about 
11.5, In the alternative, the com fiber may be slurried Into such an altealne 



However, higher pH tends to result In a finaJjcam fiber gum product 
that Is less white In color Therefore, a slightly lower )H may be desirable for 
certain applications so. that the yield is sfightfy lower than optimal, bet the 
color Is lighter. 



Hydrogen peroxide may be either added wKp the base or after the 

J 

slurry has been bawfied. The hydrogen peroxide Isjadded In an amotat of 

i 

from about 5 to 20% (wt/wt) based on the com fiber. 

The temperature may then be raised, particMarfy to at least about 

60°C, more particularly to about the boding point fbf at least about half en 

i 

hour, particularly tor at least about one hour, thougji longer times may be 
used, in genera), the time wll be dependent upbn the temperature of 
extraction, the pH, and the amount of hydrogen peroxJjJe. 

The amount of Bgnfn degradation with aOckne peroxide mav be 
monitored by any technique known in the art, such 4 the Increase In optical 
density at 260 nm Llgnin removal Is generally maxfm^ed In about four bours 
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at both about 25 a C and at about 60"C, but about a 20% higher toveri of 
dclignificaBon products were produced at (he higher) temperatures (Flfr 2A). 
The effect or hydrogen peroxide level on delignificatMn is shown In Fig. 2B, In 
general, Increasing the ratio of hydrogen paraxlde:f4er increases the level of 
dellgnffleatkn. The results of efealfne peroxide extractions of com fiber gum 
under different conditions are shown In Table I. Exarr pie 8, 

The hemfcelluiose A is optionally separated from the com fiber gum 
fraction. HemlceJiulose A Is the Insoluble fraction o the hemtaeliuloss*! wWIe 
hemfceiutoe B (com fiber gum) is the eohibe traction. However, 
hemioellulose A Is soluble under aHcaNne oondKlor s and Is only Insoluble 
under acidic conditions. The hemiceOulose A there! ore Is typically removed 
by ecWHy fng the com fiber slurry to a pH of about 3.! \ to 6,0. particular!* from 
about 4,0 to 5.0. Any acid or combination, either mir oral or organic, capable 
of lowering the slurry acidity to thte range is suits 
hydrochloric, phosphoric, acetic, or propionic acid. 



particularly suitable as It generally produces a light fotored com fiber gum. 



Carbon dioxide gas Is 



suitable for acidification 



le. particularly sulfuric, 
Sulfuric add Is? more 



n the present proeess. 



The onty Hmitaton Is mat the add used Is acceptable for tha m* use 



(on a dry. etarcn-free 
com fiber gum bynmore 
resute In a yield of 
tflat of com fibers gum 

Determination of its removal 
if the application i 



The herrtlcetuloee A yield by this process 
basis), generally Is exceeded by that of the soluble 
than ten-fold. For example, extraction at 60'C 
hemioellulose A that Is about 8% (wt/wt) of 
(hemkseiulose B)~ 

Henticellulose A la watertrisotubla. 
depends upon the end use eppttcatfcrL For example, 

.12- 
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complete solubility, such as in a beverage product, ttvm ft Is important that 
hemJceltutose A be removed using techniques knowrl in the art suchaas 
filtration. If the hemicelkilose A is not removed, resulting solutions maytoe 
turbid or even may contain a precipitate, thus limiting ttx > product usefulness. 
However If the end use application does not require sue i stringent standards, 
tiia hemrceitutose A does not need to be precipitated ar d separated from foe 
com fiber gum, for example In a cement mix or in certati cosmetic products. 
Further, If the end use appBcatton Is alkaline In nature j ft m unnecessary to 
precipitate and separate the hemJceJIuloae A from thejcom fiber gum afc R 
may remawi soluble. 

The solids are then separated from the solution Containing the sotuele 
com fiber gum. The slurry may optionally be heated irior to seperatk>r*to 
facilitate flow. The separation of the solids may be acoo upHshed by a vartety 
of techniques known In the art and Is dependent upon th i llquttsofid ratio, trie 
particle size of the com fiber, the presence or etoence rf starch, the pH and 

, and the degpe of purity desWd, 
particularly fromw 
include, but « not 
zontal plate, tubuter, 



temperature of the slurry during 
Further, more than one separation may be preferred, 
efficiency standpoint Typical separation pro cesses 
firroted to titration such as gravimetric, fitter press, hoi 



20 and vacuum filtration: csntrifugation such as horizontal decanter and high 
speed disc centrifugation; mlcitJfatmtion and utoaflttrattor . 



After separation of the solids, a second alkalink hydrogen peroxide 
treatment may be conducted. Such additional aiRaUn j hydrogen perextte 
treatment is carried out in the same manner as the first i uch treatment, bun Is 
I out for a longer period of time, paracute riy at least about tfivo 
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unci isira bte 



accomp (shed 



ramiatim 



hours. This second alkaline hydrogen 
decomposes Impurities and results In a lighter colored 

If such second alkaline hydrogen peroxide 
the "solution 1 is typically separated a second time 
5 the art but generally one that wHI separate out 
salts, ash and other by-products of the hydrogen 
example, the second separation may be 
m kaufi l tmU on. Thrs second separation results in 
particularly desired when the com fiber gum Is 

1 0 pharmaceutical applications. 

The pH of the slurry may be adjusted prta 
Generally, the pH b adjusted if necessary to pfBVeijt 
fiber gum and/or for safety reasons. The only 
not be adjusted prior to the separation la when 

15 any precipitated hemioelhiloae A from the slimy, t 
the addle range wffl allow the hemtaefluloae A to go 

The resultant com fiber gum may be used 
Alternatively > the com fiber gum may be 
conventional techniques known In (heart, Including 

20 and spray drying. 

The oom ffoer gum may alternatively be 
lower alcohol extraction techniques Lower alcohol 
alcohol, parttatfany ethenol or topcopand. more 
precipitation of com fiber gum Is known In the art and a 

25 a high degree of purity is deakftd, ouch as for 
Further, alcohol ptedpftBtion usually results in a 

-14- 
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treatment ^further 
com fiber gum. 
treatment is carried out, 
any method known in 
fractions* such as 
peroxide treatment For 
by uftraflltrdflon or 
a purer product bend is 
to be used for food or 

to any separation! step, 
degradation of tfoe com 
m which the pHiehould 
la used to remove 
adjusting the pttfout of 
lock into solution, 
dfrectiy in BqurdUfcxm. 
In powdered fifcrrn by 
drying, fleeze drying, 



drum i 



predpitated from sokittoa using 
Intended to mearta 
pa ttouJariy ethanoT. Alcohol 
parttajtaly useful when 
pha "maceutical appJcMons. 
Ogh ar colored, purer product 
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than many other separation techniques, le, spray prying, as less tmou rifles 
remain in the product 

For example, about two volumes of ethand are added to the com fiber 
gum solution, the solution 2s then allowed to stem) until the com Uter gum 

5 settles out as a white ftoocutant precipitate. The afcbhoiAwater mixture*!* then 
removed using techniques known in the art such as jdecantafion and filiation. 
The alcohol exaction may be repeated one or moral times. The resulttog com 
fiber gum may then be dried, euch as by air, oven, vafcuum, fluid bed, toeze, or 
rotary drying. After the com fiber gum k recovers^, It may be ground to a 

10 smaller and/or more uniform parade sfce if desired iking techniques kaown In 
the an 

The com fiber gum may also be modified ilsCng techniques ksown in 
the art such as crosslinMng, derlvaJtzafon, hydrolysis , end thermal Inhibition, if 
desired, the com fiber gum may be further purified u tog methods Known in the 
15 art such as rtricreflttmtJon, uHrafiltation, reverse osinosfe. Weachlng/oJidfelng, 
Ion exchange, steam stripping, and carbon ootumn ffit atton. 

The purity end yield of the reeusantoom fibiir gum will vary depending 
upon the process steps used and the* order. In get aral, a yield of from about 
25 to about 50%, partcuferty from about 35 to 50% (wbMvt) may be achieved 
20 based upon the destarched corn fiber. 

The resultant com fiber gum ranges In ootoi from a very Hght beige to 
white, depending pdmarffy on the amount of purities \ rfhich have been removed, 
It ts highly soluble In water and provides low vtwoelty solutions which are 
nearly devoid of color over a wide pH range. The com fiber gum lacks 
25 objectionable flavor and aroma, h is stable at teasi In the temperature range 
of 25 to 60°C in both water and In salt solutions (*> Hum or calcium ehtorlde). 

-15* 
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The resultant com fiber gum also has excellent we tor hokfing capabilities. 
Such properly Is desirable for numerous applications Including adhesive* and 
cement. It Is also stable over 8 wide pH range. 

The resultant com fiber gum Is useful In Gte same applications as 

5 previously known com fiber gums, including for film formation and to tWcken, 
emulsify, stabilize and/or extend aqueous solution* and suspensions. 
Specifically, com fiber gum is useful ki food pn ducts, pharmaceuticals, 
cosmetics and personal health products, cement, apd adhesive*. Ttfo com 
fiber gum may also be used as a rbeobgfcai rnokttfier such ae In (oaints, 

10 coatings, and films. 

The general process, above, for producing com fiber gum may be 
done using several alternative orders, each product ig different yields lanoVor 
purities of com fiber gum. For example, the com f ber may be basffled, the 
solids may be separated out, and then the afodine hydrogen peroxide 

15 treatment may be carried out The critical dement « rf the process Is csnylng 
cut the hydrogen peroxide treatment at ataJIne pH. in general, the remainder 
of the steps can be carried out by those of skis in ti a art by following tioutlne 
procedures or the description contained herein. Dot armlnatton of the process 
steps and conditions to be used is dependent upon tile desired propctbes of 

20 the com fiber gum. , 

The following examples are intended onrJ to further frustrate the 
Invention and aie not Intended to limit the scope of tt e Invention as defined by 
the claims. 
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EXAMPLES 

Examota 1 - Process of Extracting Com Fiber Gum 

parching 

a. Com fiber (3500g anhydrous) was added ti 70 liter© of water and 
5 mixed well. The pH was adjusted to 7.0 wtG> 25% 

heated to B5°C and the pH was readjusted to 7,0. I40g of Termamyraao L 
(commercially available from Novo Nordlek Blolndust tale, Inc., Danbury, CT) 
The temperature was held at 85°C with mbdng foi four hours. Thaieluny 
wee cooled to room temperature and dewatered using a perforated' bowl 
10 centrifuge. The com fiber was washed with water twcj timed on the bowt 

b. The destarohlng of Example 1a was repeats i and the com fiber i 
dried after being washed. 
AHaQPfl Hvdrooen Peroxide Ttaatmant 

The destarched com fiber (30O0g anhydrouj) was added to 6i liters 
15 of water wfth mixing. 240g of sodium hydroxide pelfets and 222g of dWdum 
hydroxide were added to the mixture, 1000$ of rjydrogen peroxkM(30% 
solution) was then slowly added The mixture was heated to 95°C arid hekJ 
for one hour with mbdng. The mixture was ackftjad to pH 4.5 wrtft 25% 
sulfuric acid and cooled 10 room temperature. 
20 SeparattQfi 

a. The Insoluble material was separated ujrfng a Sharotes ^060 
horizontal decanter cenolfuge, followed by a BT? K 206 high speoi disk 
centrifuge (both commercially available from AKa [Laval, Inc., Wamfrister, 

PA). 



1 

Jroj) 
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b. The Insoluble material was separated 
separation and the centate was further clarified 
membrane with 300,000 molecular weight cutoff. 



Mrr/ui 



cM 95 In Example 1a 
using an ultrafiltration 



gl The centrate was concentrated to between 10 and 15% solids, if 
necessary, and then spray dried using an Ahycro Lab #1 spray drier 
(commercially available from Anhydro Lab, Afdebon > Falls MA) with an fntet 
temperature of 260*0 and an outlet temperature of 85-95°C, The pM was 
kept In the range of 5 to 9. 
b. Two volumes of 95% ethanol were added toj rapidly stored certrate. 
After allowing the com fiber gum to settle out ae a w lite ftoccutent precipitate 
(about 10 min), the alconol/water mbdure was rem* ed by decantattom The 
precipitate was removed by filtration, air-dried In a 
vacuum over at 50"C for one hour. The resultant cfm fiber gum wasfca fine 
wruie powoer, 



1 


>er Our 


1 Usina a * 


EaaSsLBsaiaaapt 





The com fiber was destarched using the cfcstarchlng procedure of 



1. 

AlkeBne Hvdro oen Poroodde Treatment 

The com fiber was treated with alkaline hydrogen peroxide using the 
alkaline hydrogen peroxide procedure of Example 1. 

Separation 
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The Insoluble material was separated using tie separation prouedure 
of Example 1. 

Sfiwrtf film Ids Hvflyrcn Porex^ lEBflttnatt 

lOOOg of hydrogen peroxide (30% solutkWi) were added io the 
centrate obtained from the solid-liquid separation. The pH of the mbctutfc was 
adjusted to 11.5 with 25% sodium hydroxide and ag tated for two hour*. The 
mixture was neutralized to pH 7.0 with 25% sulfuric apd and then uttraftttrated 
to further clarify the < 



Com flbar gum was isolated using the isalatlc in procedure of Example 



i of Extracting Com Fiber Gum Jslna AfkaOne Hvorooen 



15 Dostarehrng 

The com Cher was deatemhed using the c^atarchlng procedure of 

1. 



20 



The destarohed com fiber (3000g anhydrouc ) was added to 6Q\ Itoi* 
of water with mixing. 240g of sodium hydroxide pel) Ms and 222g of csidum 
hydroxide were added to the mixture* The mixture W heated to 95°ns and 
held for one hour with mWrrg, The mixture was eclated to pH 4.5 wit* 26% 
sulfuric acid and cooled to room temperature. 
SftfiflSl tefi 

The Insoluble material was separated ustog $b separation procedure 
of Example 1 
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Alka|lne Hvdroaen Peroxide Treatment 

10000 of hydrogen peroxide (30% solution) were added to p the 
centrals obtained from the above aoiid-tiquid separation. The pH oflthe 
mixture was adjusted to 1 1 .5 with 25% sodium hydro** le arid agitated fort two 
hours. The mixture was neutralized to pH 7,0 with 25^ sulfuric acid. 
Second Separation 

a. The mixture was uttraflttratad to further clarify 
separation procedure of Example 1b. 

b. No i 



the cantrate using) the 



The com fiber gum was Isolated using the Rotation procedure of 
1. 



^am^ 4 - Pmeeaa of ExtracHnq Com Fiber flfim Usfrtq a Bacterid 
Separation Step 

The com fiber was doatarched using the deajtarohlng procedure of 
Example 1. 
Alkaline Extraction 

The destarched com fiber (3000g anhydrous) i 



Of water wfth mbdnfi, 240g of sodium hydroxide pellets 
hydroxide were added to the mixture. The mixture 
held for one hour with mixing. The mixture 



The insoluble mixture was separated using 1 
of Example la. 



1 ¥bs added to 60 Iters 
and 222g of cakaum 
heated to 95-C sand 



the separation procedure 
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Alkaline Hydrogen Peroxide Treatment 

1000g of hydrogen peroxide (30% solution) wero added =o the 
centrate obtained from the above aolld-liquld sep iraborv The pH -xrf the 
mixture was adjusted to 11. S with 25% sodium hydrcxtte and agitated tor two 
hours. The slurry was then acWHted toapH 4.5 with p 5% gutfurtc add. 



The insoluble material to separated ouj using the separation 
procedure of Example 1 b. 
Isolation 

The com fiber gum Is recovered using th^ isolation procedure of 
Example 1. 

Example 5 - Prrm It Entrap Com Fiber Gum ^Jslna Carbon Dioifda to 



The com fiber Is destaiched using the dfeetarehing 
Example 1. 

ABoaflna Hydrogen PerroridB Treatment 

a. The destarched com fiber (3000g anhyoroui ;) was added Id 6ft Uters 
of water with mixing. 240g of sodkrm hydroxide peflats and 222e of cfelcitim 
hydroxide were added to the mixture. I000g of hydrogen p*foaddePi(30% 
solution} were then atawty added. The mixture was heated to 96°C and held 
for one hour with mixing. The mixture was addfflejl to pH 4.8 with oarbon 
dioxide gas and cooled to room temperature. > 

b. The procedurB.of 5a waa Wowed, except ttfat dry Ice Is used ha the 
source of carbon dioxide. 
SSBSEsHSQ 

The Insoluble material wee separated using fie separation procedure 
of Example 1. 



The com fiber gum was Isolated using the Isolation procedure of 
Example 1. 
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Example - Comparison Of Yields Using the Vari otfr EfOCgSses of E*r™#nn 
C <u a£il^ Q u[n 

The percent (wt/wt) yield of com fiber guni resulting from thai above 
processes were determined based on the destarchep com ffror 

PepocntYWdfwtfwt) 
Example 1 42,7 
Exempted 32.7 

Exempted - Variation on Process of Extracting clom Fiber G um Urine a 



SWCffit Separation Step 

DgfajaiiJunfl 

i 

Com fiber samples were ground bo a parttc^ stee of 2D mesh using a 
Wiley mRI, Moisture tevete were determined after drying the sampled to a 
constant weight In a vacuum oven at «TC. Stare* was removed from the 
ground fiber by sedimentation followed by treatment wfth the a-aroylase, 
Termamyl (commercJally available from Novo NotMsK BtoinduBtrtaltf Inc.. 
Danbury, CT). Com fiber (770 g> 20 mesh) was fttrred in a cylndar with 

i 

seven liters water and the mixture wee then allowed to settle. The starch 
granules were concentrated In the upper portion otjthe sediment and they 
were removed by decantatten. After repeating this! process four times, the 
fiber/Water aedlment was diluted to five Die* wffli iater. TWs mixture was 
20 attired at 95°C tor two hours at pH 6.5 with 50 m) a-amylase. In onder to 
Dqueiy residual stanch. The residue was collected L filtration, washed with 
dlsttOed, delonlzed water (five liters) In order to) remove any remaining 
matodextrtna, end drted h a vacuum oven at 50°C, 
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AlKaHne Extraction , 

a. Ground com fiber (100 g) was mechanical^ stirred at 85-90 c tt into 
one liter of water . Sodium hydroxide (8 g) were aided so that a total of 2 
meq alkall/g fiber were present in me extraction medium. The mrxtuna wbb 

5 boiled with mechanical stirring for one hour. 

b. Example 7a was repealed using 7.4 g ranis calcium hydroxide in 
place of the sodium hydroxide. 

Separation 

Residue was removed by centrtfugstion (6,0^0 x g for about 10 min), 

i 

10 and the com fiber gum-containing supernatant was removed by decollation 
(about 660 ml). The remaining fluid (about 340 mi) remained assocOtiti with 
residue and contained about one-third of the ojtroctod hemtaatlu»se. 
Additional com fiber gum was recovered by addfr[g 800 mi water to the 
residue and bofflng the mixture for five minutes with c tfrring. This mrxtuie was 

15 then oentrnuged and the supernatant combined > rttti that of the original 
extract The total volume of extracts was about 1. 
was repeated m order to Isolate additional com fiber < turn. 
Altalina Hydrogen Peroxide Treatment 

To the extract of 100 g fflxr was added 10 g 

20 mJof^H^Oj), After aflusfrig the pH to 11.5 ty efcHtton of 60% NaCH the 
sohitton was stirred at arnbtent temperature for two h >ure, 
Reparation 

a. The H a Ortreated elkaNne extract was edjieted to pH 4 to v5 by 
addition of HCI (coventrated, about 37%), (After IS minute?, the 
25 hemrcetfubse A precipitate was removed by vacuui n nitration throughlCeirte 
filter aid, 
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b. The above separation was repeated using centrpugatfon at 10,000* g for 
10 minutes. 
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Two volumes of 95% ethanol were gradually added to the Wrate. 
After allowing the com fiber gum to settle out as a vjhfte floccuiant pretipitata 
(about 10 min). the alcohol/Water mixture was remoUd by decantatfo*. The 
precipitate waa stored in 95% ethanol for five m/nuies, removed by Walton, 
air-dried in a fume hood and then in vacuum over aj 50X for one hour. The 
com fiber gum recovered waa then converted to a (fine white powder* with a 
conventional chopper-grinder. 

Seagate 6 - Comparison of HemjcalluloBe YleMa Exacted g ^der Offfatent 



Com fiber (3.0 g; 20 mesh dastarcfted, ungrc und not destarchdd) aid 
aqueous 30% hydrogen peroxide (2.5 mi) were adefed to rapidly stirred water 
(75 ml, detanked and dlatUed), to give a 0.26 ratio of hydrogen peroxide to 
fiber, and a 1% aqueous solution of HA* The pH was adjusted to 1KJ by 
addition of 2N NaOH (9 ml). Under these condfflo is, there were about 15 
meg NaOH per gram of fiber. Reaction© at 2JFC were conducted In 
Ertetimeyer flasks on magnetic stirrer*, wh9e those at 60°C were conducted 
m a Jacketed reaction vessel heated with water fron i a thermostat-corarofied 
circulating bath. During httal stages of stirring, oxy$ en evolution was active, 
and substantial frothing occurred, requiring that axb actions be oonduoied in 



i with volumes two to three times those of axtr idion mixtures. The pH 
during extractions were maintained at 11.4 to 11.6 by dropwtee addlOon of 
50% NaOH. Altar removing residua by centrtftigatfon at 3,030 x g for w mln, 
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the supernatant fluid was adjusted to pH 4,0 with 4N HC (about 2 ml). Th?> 
hemtaelMose A fraction was allowed to precipitate overnight and than 
collected after oentrtftjgation at 10,000 x g for 10 mln. The supernatant fluid 
containing com fiber gum was removed by dccantattoru * lie hemlcellulose t\ 
precipitate was washed wtth 1 so propanoic collected by flltn Hon, and than dried 
in a vacuum oven at 50°C Com ffoer gum was precipitated by pouring tte 
supernatant fluid into two volumes of stirred isopropanol, from which It settled 
out as a white fiooculant precipitate. Com flber gum [*as collected after 
carefully decanting off the supernatant fluid, ft was transferred with the aid wf 
Isopmpanol to a beaker, and the mixture was sMrree for 5 mln. Thte 
converted the material from a sticky and rubbery state o a more workable 
farm. Next the com fiber gum fraction was ooHected (ffltr rtfcn, centrHugatiote, 
or sieve), and air-dried In a fume hood for one hour, fnef f fragmented with * 
conventional chopper-grinder, and dried to constant weftg! it in a vacuum oven 
atsrrc. 

The yields of the com fiber gum are shown in Tab e I, below. 

Table I 

Yields of Hamteelkilose A and B from Alkaline H a 0 2 Extraction of Com Fiber 

REACTION CONDITIONS j 
HEMICELLULOSE YIELD, j 



Trial Com Fiber 
B A 



A 
B 
C 
D 



20 Mesh 
16 3.1 
20 Mesh 
35 3.5 
20 Msah 

3d 

20 Mesh 
41 2,8 
20 Mesh 
35 42 



Initial pH 

11.6 
11.6 
11.5 
11.5 
12.0 



Tewp., C C 

25 
26 
25 
60 
25 



r 



Ime, hr 
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r 


Mesn 


19 ft 






40 3 7 








£U MBDII 


12 0 


an 
ou 




32 8.3 






H 


20 Mesh 


11.5-12.5« 


60 




51 4,2 






1 


Unground 


11.5 


25 




35 0.4 






J 


Ungnnind 


11.5 


25 




38 






K 


Unground 


11.5 


60 




42 1.7 






L 


Unground 


ILS-IZS" 


60 




47 8.5 






Wi 


Unground 


' 11.5-12.8° 


26 




46 4.2 







24 

2 
2 

24 

72 

2 

2 

24 



■ Extractions were conducted using fiber-alkaline soli tkxvH 2 Qj ratios of) 
1:25:0-25 (w/v/w); 20 mesh fiber samples were desta Period, and trie unbound 
fiber samples were unwashed. 

b Yields for all trtate are reported on a dry, sterch-freejbask. 
c Initial pH of 11 .5 was increased to 12.5 after half extraction time had 
dapsed. 

Application or the aJkaJIne hydrogen peroxbd process to 20kmesh 
fiber at 25°C indicated a doubling of com fiber gum y std between an 6 and 24 
hour (rows A,B) extraction period. An extraction lr which the proporson of 
hydrogen peroxide to fiber was increased from 0 2p to 0.50 resultediln an 
increase In the yield of com ffoer gum after 72 hourj at 25°C from 36% (row 
C) to 46%. The com fiber gum was nearly white, a^d the recovered residue 



FirjI7USWt5S51 



the 3 laid mora than doubled 



A.E). In 24 hours at 



30 was off-white. In 6 hours, 2S*C 

when the pH was Increased from 11.5 Id 12.0 (n 
25*0, only a modest gain In yield was achieved b)f Increasing the pH* from 
11.5 to 12.0 (rows B,F). At 60*C, a higher yield of com fiber gum was 
obtained at pH 11.6 than at pH 12,0 (rows D,G), ThU Is the trend thatNvouW 

35 be expected, since pH 11.5 Is the ofrtlrnaJ rjH for Ignh oxWaton. At60TC and 
pH 12.0. 26% of the com fiber gum was hemic ailukma A (row G). A 
maximum com fiber gum yield of 51% was obtained bt 60°C by processing at 
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pH 11.5 for the first hour and then increasing the pHlto 12.5 for the final hour 
(row H). When using unground corn fiber, as with 20-mesh fiber, Bttte pain in 
yield resulted from extending the 25°C process beyond 24 hours (raw l ( J). 

By comparing results using ground and unground fiber, It Is dear that the 

j 

energy Intensive grinding step provides little advantage In terms of com fiber 
gum yield (rows B.I. C r J. D.K. F.M. end HXY 

Corn fiber gum yields were reduced by rn^re than one-thfrdlhvhan 
extractions were conducted in the absence of hyc rogen peroxide. Using 
conditions such as Trial D (Table I), for example, the yield dropped frorrt'41 to 
25%. When cotor as weM as yield Is considered, the process Is most effective 
when conducted at pH 11.5, Possibly at the elevate) I pH. especially at!60 o C, 
chromophorea are generated by alkaB-cetalyzed nxx Wlcatton of reducing end 
groups on the polysaccharide. The com Ifcer gurra generated at pi* 11.5 
were off-white, while those exposed to pH values I of 12*0 and 12.8 were 
tarmlsh, even when the extractions were done at npm temperature. A two 
hour reaction period at pH 115 and 60*C with ungrobnd fiber (row K) gave a 
42% yield of off-white com fiber gum, with a very low level (1.7*&) of 
hemtoeDulose A. Kernel pericarp, when extracted under these conditions, 
yielded off-white com fiber gum m a 24% yield. 

The results in Table I were from experiments using solutions with a 
ratio of fiber to alkali to hydrogen peroxide of 125:0.25. Under itheee 
conditions, most of the fluid (and com fiber gum) was) Isolated after remeval of 
residue by csntrifUgatron. When seditions with higher ratios of fiber Wiaikatt 
were used, however, significant quantities of fluid aid a ss oc iat ed com fiber 
gum remain with the swotted residue. Then it is necjessary to redisperae the 
residue In additional water to extract residual dpm fiber gum When 
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extractions are conducted at fiber to liquid ratios of 4:10. substantial amounts 
of com fiber gum-containing fluid remained associate d with the residue* since 
tt became very swollen and absorbent Only about 7 )% of the fluid is Isolated 
after the initial centrtfugation and decantation, so as piuch as 30% of product 
could remain In the fluid asaocuted with the residue. 

When the isolated corn fiber gum preparations were takon&up in 
alkaline peroxide at pH 11.5. no additional 280 nm| absorbing materlW was 
generated, indicating that all llgnh susceptible to) degradation had' been 
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Different Alkaline Solutions 

Com fiber was ground to a 20 mesh using 8 Wflsy mdl. 500 giof the 
com fiber were stirred In four liters water and the pf I was adjusted to as by 
addition of a 50% solution of socflum hydroxide at 0C -00°C. 20 ml < 
(Tenmamyl) were added and allowed to treat for fair hours. The com 
wtt then separated out by centrffugatton and dec intetion. The titer was 
washed with water, than ethanol and dried In a 60°C svea 

100g of the destsichod com fiber was Sflrre i Into one liter water and 
2 meq alkaii/g fiber were added (NaOH; Ca(OHfe or * 
The mixture was boiled for one hour, The rebldue was removed by 
centrtfugatfon and the supernatant was removed by < ecantatton. SOOrr* water 
were added to the residue and the mixture was boiled for five minutes with 
mixing. The mixture was then centrifuge* and the) 
with the supernatant to produce 1.4 1 
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10g hydrogen paroxMe (33.3 ml of aqueous 3 )% hydrogen peroWde) 
were added with stirring, the pH was adjusted to 11.5 by addition of £0% 
sodium hydroxide, and the reaction was allowed to proceed for two hours 

The treated extract was adjusted to pH of 4.D to 4.5 by addition of 
5 concentrated hydrochloric add. After 15 to 30 minutes, the hemlcellulctea A 
precipitate was removed by filtration through Celite. I Two volumes offe95% 
ethanol was stirred into the filtrate and the com fto r gum was allowed to 
settle out as a white flooculant precipitate (10 minute ). Com fiber gun* was 
reflected after carefully decanting off the supomatan : fluid. The precipitate 
I o was stirred In 95% ethanol for five minutes, Isolated to filtration, air drtedH and 
then dried in a vacuum oven at 50*C for one hourt The com fiber f^um 
product was finery fragmented with a conventional chc pper-grfnder, and dried 
to constant weight m a vacuum oven at 50°C. The r ssulttng com fiberngum 



analyzed using 



known In the art and ti e percent yield (vWwt) 



was determined be 


mad on the dsstsrehed com fiber. 


The resute are sfcowi 


I 


In Table 11, below. 


TABLE II 








NaOHonly 


NaOH:Ca(OH)2 " *:1 


CatOHfeonly 


percent yieteP 


40 


27 


aii 


«h(%) 


2.15 


2.42 


2.6* 


N(%) 


0.151 


D.1B3 


0,126 


Ca(%) 


0.30 


3.83 


OM 


MW(Kttaf 


3.04(0.04) 


3.03(0.10) 


2.7P(0.06)i 


WP 


36.0 


49.4 


50.: 


ArablnoW 


394 


40.6 


37.', 


Xyfcraef 


48.1 


49.6 


4df. 



-29- 



PAGE 47/47 • RCVD AT 121912005 5:55:46 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/30 * DNIS:2738300 * CSID:13124635001 * DURATION (mm-ss):12-56 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



